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I. Title of Procedure 
Quantitative HIV-1 viral load testing using GeneXpert technology 
 

II. Test Summary 
 State the physiologic and diagnostic reasons for performing the test. 
Human Immunodeficiency Virus (HIV) is the etiologic agent of Acquired Immunodeficiency 
Syndrome (AIDS). It can be transmitted through sexual contact, exposure to infected blood or 
blood products, prenatal infection of a fetus, or perinatal or postnatal infection of a newborn. 
HIV diagnostics have evolved significantly in the past two decades and continue to be 
significantly important in saving lives of millions of HIV infected patients. Today, measurement 
of blood plasma HIV-1 RNA concentration known as viral load using nucleic acid-based 
molecular diagnostic assays has been established as standard of care in assessing HIV-positive 
patient prognosis and response to antiretroviral therapy. Untreated HIV-1 infection is 
characterized by high-level viral production and CD4 T-cell destruction, despite an often lengthy 
clinical latency, to significant net loss of CD4 T cells and AIDS. Assessment of viral load levels is a 
strong predictor of the rate of disease progression and, by itself or in combination with CD4T-
cell counts, has great prognostic value. The HIV-1 Quant Assay, performed on GeneXpert® 
Instrument Systems, is designed for the rapid quantitation of Human Immunodeficiency Virus 
type 1 (HIV-1) in human plasma from HIV-1 infected individuals over the range of 40 to 
10,000,000 copies/mL. HIV-1 Group M subtypes A, B, C, D, AE, F, G, H, AB, AG, J, K and Groups N 
and O are detected and quantified by the HIV-1 Quant Assay. The HIV-1 VL Assay uses reverse 
transcriptase polymerase chain reaction (RT-PCR) technology to achieve high sensitivity for the 
quantitative detection of HIV-1 RNA in human plasma from HIV-1 infected individuals. 
 

III. Principle 
GeneXpert Instrument Systems automate and integrate sample preparation, nucleic acid 
extraction and amplification, and detection of the target sequence in simple or complex samples 
using real-time reverse transcriptase PCR (RT-PCR). The systems consist of an instrument, 
personal computer, and preloaded software for running tests and viewing the results. The 
systems require the use of single-use disposable GeneXpert cartridges that hold the RT-PCR 
reagents and host the RT-PCR processes. Because the cartridges are self-contained, cross-
contamination between samples is minimized. The HIV-1 VL Assay includes reagents for the 
detection of HIV-1 RNA in specimens and two internal controls used for quantitation of HIV-1 
RNA. The internal controls are also used to monitor the presence of inhibitor(s) in the RT and 
PCR reactions. The Probe Check Control (PCC) verifies reagent rehydration, PCR tube filling in 
the cartridge, probe integrity, and dye stability. 
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Figure 1: Overview of the GeneXpert test cartridge 

IV. Specimen Handling and Preparation  
o Whole blood should be collected in EDTA, EDTA-PPT, or ACD collection tubes and 

centrifuged to separate the plasma and red blood cells per the manufacturer's 
instructions.  

o A minimum of 1 mL plasma is required for the HIV-1 VL Assay. If using the transfer 
pipette included in the kit, a minimum of 1.2 mL plasma is required. Alternatively, if 
using a precision pipette, a minimum of 1 mL plasma is required.  

o Whole blood may be held at 15–30 °C for up to 8 hours or at 2–8 °C for up to 72 hours, 
prior to preparing and testing the specimen. After centrifugation, plasma may be held at 
15–30 °C for up to 24 hours or at 2–8 °C for up to 6 days, prior to testing.  

o Plasma specimens are stable frozen (≤ -18 °C and ≤ -70 °C) for six weeks. 
o Plasma specimens are stable up to three freeze/thaw cycles. 
o Plasma specimens must be thawed and equilibrated to room temperature prior to 

transfer to cartridge. 
 

V. Quality Control  
Each GeneXpert test cartridge is a self-contained test device with an in-built control for each 
sample. Normally, no external controls are required. The internal controls enable the system to 
detect specific failure modes within each for each sample 

o Instrument system control: Check status-it checks the optics, temperature of the 
module and the mechanical integrity of each cartridge. If the system controls fail, an 
ERROR test result will be reported. 
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o Probe Check control (PCC): after sample preparation, bead reconstitution and tube 
filling (prior to thermal cycling), multiple fluorescent readings are taken at different 
temperatures and compared to default setting. PCC controls for: 

o Missing target specific reagent (TSR) and or enzyme reagent beads which 
contain all primers, probes and internal control template. 

o Incomplete reagent reconstitution 
o Incomplete reaction tube filling 
o Probe degradation  

If the PCC fails, an ERROR test result will be reported. 
 

o Sample processing control (SPC) assesses the effectiveness of the sample processing 
steps, including and up-to reaction tube filling. SPC ensures that the sample was 
correctly added to the cartridge and detects degradation of the enzyme(s) or other 
components of the system. SPC does not compete with target DNA.  

 SPC must be Positive when target is Negative 

 SPC can be Positive or Negative when the target is Positive 

 SPC passes if it meets the validated acceptance criteria. E2097: too less sample 
volume added (<1mL), E2096: no sample added 

 
o Internal Quantitative Standard High and Low (IQS-H and IQS-L): IQS-H and IQS-L are 

two dry bead armored RNAs nonspecific to HIV in the form of a dry bead that goes 
through the whole GX process. The IQS-H and IQS-L are standards calibrated against the 
WHO 3rd International Standard. They are used for quantification by using lot specific 
parameters for the calculation of HIV-1 RNA concentration in the sample. The IQS-H and 
IQS-L pass if they meet the validated acceptance criteria. They run internally with every 
cartridge and they control for reagent performance due to improper storage and they 
confirm that reaction components are set up correctly.  

o External Controls: not available in the kit, but they can be used (positive and negative 
controls). 
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Figure 2: GeneXpert quality control result scenarios 

VI. Reagents, Materials, & Equipment  
The HIV-1 VL Assay kit contains sufficient reagents to process 10 specimens or quality control 
samples. The kit contains the following: 

1. 10 HIV-1 VL Assay Cartridges with Integrated Reaction Tubes. Each cartridge contains:   
o Bead 1, Bead 2, and Bead 3 (freeze-dried)  
o Lysis Reagent (Guanidinium Thiocyanate) 2.0 mL  
o Rinse Reagent 0.5 mL  
o Elution Reagent 1.5 mL  
o Binding Reagent 2.4 mL  
o Proteinase K Reagent 0.48 mL 

2. Disposable 1 mL Transfer Pipettes 10 per kit 
3. CD 1 per kit 

o Assay Definition File (ADF) 
o Instructions to import ADF into GeneXpert software 
o Package Insert 

 
Storage and Handling 

o Store the HIV-1 VL Assay cartridges at 2–8 °C. 
o Do not open the cartridge lid until you are ready to perform the test. 
o Use cartridge within four hours after opening the cartridge lid. 
o Do not use a cartridge that has leaked. 

 
Materials Required but Not Provided 
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o Printer 
o Bleach 

 
Warnings and Precautions 

o Treat all biological specimens, including used cartridges, as if capable of transmitting 
infectious agents. Because it is often impossible to know which might be infectious, all 
biological specimens should be treated with standard precautions. 

o Do not open the HIV-1 VL Assay cartridge lid until you are ready to add the plasma 
specimen 

o Do not use a cartridge that has been dropped after removing it from the packaging. 
o Do not shake the cartridge. Shaking or dropping the cartridge after opening the lid may 

yield invalid results. 
o Do not place the sample ID label on the cartridge lid or on the barcode label. 
o Each single-use HIV-1 VL Assay cartridge is used to process one specimen. Do not reuse 

spent cartridges. 
o Do not use a cartridge that has a damaged reaction tube. 
o Single-use disposable pipette is used to transfer one specimen. Do not reuse disposable 

pipettes. 
o Wear clean lab coats and gloves. Change gloves between processing each sample. 
o In the event of contamination of the work area or equipment with samples or controls, 

thoroughly clean the contaminated area with a solution of 1:10 dilution of household 
chlorine bleach and then 70% ethanol. Wipe work surfaces dry completely before 
proceeding. 

 

VII. Procedure 

1. Preparing the Specimen 

o If using frozen specimens, place the specimens at room temperature 20–35 °C until 
completely thawed and equibrate to room temperature before use. 

o Plasma samples stored in 2–8 °C should be removed from the refrigerator and equilibrated 
to room temperature before use. 

o Vortex plasma for 15 seconds before use. If the specimen is cloudy, clarify by a quick spin. 
 

2. Preparing the Cartridge 
o Wear protective disposable gloves. 
o Inspect the test cartridge for damage. If damaged, do not use it. 
o Open the lid of the test cartridge. 
o Allow samples to come to room temperature prior to loading plasma into the cartridge 

 
• Option 1: If using the transfer pipette included in the kit (Figure 1), fill to just below the bulb 
but above the line to transfer at least 1 mL plasma from the collection tube into the sample 
chamber of the test cartridge (Figure 2). Do NOT pour the specimen into the chamber! 
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Figure 3: GeneXpert transfer pipette and aerial view of the reaction cartridge 
 

o Close the cartridge lid. 
o Load the cartridge into the GeneXpert instrument or Infinity system. 

 

Note There is a thin plastic film that covers the inner ring of 13 ports of the test cartridge. This 
film should not be removed. 
 
Option 2: If using an automatic pipette, transfer at least 1 mL of plasma into the sample 
chamber of the test cartridge (Figure xx). Do NOT pour the specimen into the chamber! 
 
Important Start the test within four hours of adding the sample to the cartridge 
 
Loading less than 1 mL plasma into the cartridge will trigger an insufficient volume error (ERROR 
2097), preventing the instrument from running the sample 
 
Starting the Test 
This section lists the basic steps for running the test. For detailed instructions, see the 
GeneXpert System Operator Manual on the computer desktop. 
a. Turn on the GeneXpert instrument. First turn on the instrument and then turn on the 

computer. The GeneXpert software will launch automatically. If it doesn't, double-click the 
GeneXpert  

b.  Software shortcut icon on the Windows® desktop. 
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c. Log on to the GeneXpert Instrument System software using your user name and password. 
Click Create Test 

d. Scan in the Patient ID (optional). If typing the Patient ID, make sure the Patient ID is typed 
correctly. The Patient ID is associated with the test results and is shown in the View Results 
window.  

e. Scan or type in the Sample ID. If typing the Sample ID, make sure the Sample ID is typed 
correctly. The Sample ID is associated with the test results and is shown in the View Results 
window and all reports. The Scan Cartridge dialog box appears. 

f. Scan the barcode on the Xpert® HIV-1 Viral Load cartridge. The Create Test window appears. 
Using the barcode information, the software automatically fills the boxes for the following 
fields: Select Assay, Reagent Lot ID, Cartridge SN, and Expiration Date. 

g. Click Start Test. Enter your password, if requested. 
h. Open the instrument module door with the blinking green light and load the cartridge. 

o Close the door. The test starts and the green light stops blinking. When the test is 
finished, the light turns off. 

o Wait until the system releases the door lock before opening the module door and 
removing the cartridge. 

o The used cartridges should be disposed in the appropriate specimen waste containers 
according to your institution’s standard practices. 

 
Figure 4: Summary of sample loading in GeneXpert HIV-1 quant 
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 WARNING: GeneXpert HIV Quant cartridges contain a highly toxic chemical (to human and 
environment), Guanidinium Thiocyanate, and should be disposed of after use, in an 
incinerator capable of reaching 1200oC.  

 

VIII. Interpretation of Results 
Click the View Results icon to view results. 
Upon completion of the test, click the Report button of the View Results window to view and/or 
generate a PDF report file. The test results take approximately 90minutes to be produced 
The results are interpreted automatically by the GeneXpert Instrument System from measured 
fluorescent signals and embedded calculation algorithms and are clearly shown in the View 
Results window (Figure 5 and Figure 6). Possible results are shown in Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Table 1: GeneXpert HIV-1Viral load result interpretation 
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Figure 5: GeneXpert HIV-1 quantitative detectable VL 
 
 

 
Figure 6: GeneXpert HIV-1 quantitative not detected VL 
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IX. Possible reasons for repeating the assay 
 
•An INVALID result indicates that the sample was not properly processed, PCR was 
inhibited, or the sample was inadequate. An invalid result also indicates that the IQS-H 
and/or IQS-L Cts are not within valid range. 
 
•An ERROR result indicates that the Probe Check Control failed or maximum pressure 
limits were exceeded. An error result indicates that the assay was aborted. Possible causes 
include: insufficient volume of sample was added, the reaction tube was filled improperly, a 
reagent probe integrity problem was detected, or the maximum pressure limit was exceeded. 
 
•A NO RESULT indicates that insufficient data were collected. For example, the operator 
stopped a test that was in progress, a load error occurred, or the software was closed 
prematurely.  
 
Retest Procedure 
For retest of an INVALID, ERROR, or NO RESULT, use a new cartridge (do not re-use the 
cartridge). 

1. Remove a new cartridge from the kit. 

2. Section VII on preparing cartridge and starting the test on page 7. 
 
 

X. Limitations 
Good laboratory practices and changing gloves between handling specimens are recommended 
to avoid contamination of specimens or reagents. 

 
Factors that negatively affect results 

Interfering substance  
–False negative test results or invalid results may be observed in the presence of 
interfering substance like; Albumin (90g/L), bilirubin (20mg/dL), haemoglobin 
(500mg/dL), human DNA (0,4mg/dL) and triglycerides (3000mg/dL). 
 

Biological specimens, including used cartridges, should be treated as capable of 
transmitting infectious agents and should be discarded in hazardous clinical waste bins. 
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XI. Performance Characteristics 
Limit of Detection (LoD) 
The LOD for the HIV-1 VL Assay is 40 cp/mL for HIV-1 subtype B in EDTA plamsa.  
 
Limit of Quantitation 
The LoQ is defined as the lowest concentration of HIV-1 RNA that is determined with acceptable 
precision and trueness.  The LOQ of the HIV-1 VL Assay is 40 cp/mL (1.60 log10). 
 
Linear Range 
The HIV-1 VL Assay is linear within a range 30 to 1x107cp/mL 
 
Specificity 
The specificity of the HIV-1 VL Assay was evaluated using EDTA plasma specimens from HIV-1 
negative blood donors. The HIV-1 VL Assay specificity was demonstrated at 100% (95% CI = 
96.7–100.0). 
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